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Extract
Two previously described sisters with folic acid nondependent formiminoglutamic aciduria also excrete abnormally high amounts of hydantoin-5-propionic acid (HPA). HPA was identified by gas chromatography-mass spectrometry as the N,Nf-bis-trimethylsilyl methyl ester-and N,O-permethyl derivatives. About 600 and 1,100 mmol HPA/mol creatinine, respectively, were found in 24-hr urine samples before and after ingestion of free histidine (three equal doses of 66 mg/kg each, with 4-hr intervals). The corresponding values in normal adults were 4.5 =t 2.2 (n = 24) and 46.0 rt 16.4 mmol HPA/mol creatinine (n = 17) when measured by a new, highly specific mass fragmentographic method using deuterated HPA as the internal standard. In 1974, we described two sisters with normal serum folate concentration who excreted formiminoglutamic acid (FIGlu) in excessive amounts (l5), both about 600 mmol FIGlu/mol creatinine. We believe that they represent the first cases where a practically complete deficiency of formimino-L-glutamate:tetrahydrofolate-5-formiminotransferase can be postulated. Our cases did not respond to pharmacologic doses of folic acid. Recently Perry et al. (17) described two other cases with apparently the same metabolic error. They excreted markedly lower amounts of FlGlu under pharmacologic doses of folic acid. From the known catabolic pathway of histidine we also suspected an increase in the excretion of H P A (15). For the precise measurement of this compound in urine we developed a relatively simple mass fragmentographic method (16) . I n this report, the results of these measurements are presented.
MATERIALS AND METHODS
H P A was synthesized from L-glutamic acid according to the method of Dakin (10) . Similarly, trideutero-HPA was synthesized from 2,4,4-[ZH,J-DL-glutamic acid (19). H P A was analyzed quantitatively as the N,O-permethyl derivative with trideutero-NIEDERWIESER ET A L H P A as internal standard by a mass fragmentographic method (16) . Gas chromatography-mass spectrometry was performed on a LBK 9000 instrument. FIGlu concentration in urine was determined enzymatically as described previously (15) . R T has been treated with several antiepileptic drugs since the age of 2 months. The boy was admitted for evaluation of severe megaloblastic anemia (Hb 3.0 g/100 ml).
M H is of small stature because of malabsorption and has normal body proportions. The child is anemic, with mild retardation in psychomotor development.
DS, treated with various antiepileptic drugs since the age of 1.5 years, was admitted for evaluation of a progressive neurologic disorder. Hematologic findings were normal.
RESULTS

IDENTIFICATION O F HYDANTOIN-5-PROPIONIC ACID
SE-30 and other phases gave a large peak at the retention time of the corresponding authentic H P A derivative. The mass spectra (Figs. 1 and 2) could not be distinguished from the corresponding reference spectrum.
HPA EXCRETION BEFORE A N D AFTER LOADING W l T H HISTIDINE
The H PA values in 24-hr urine before and after loading with L-histidine for all members of the family, for patients with folic acid deficiency (RT, M H , and DS), and for normal infants and adults are compiled in Table I . Values for FIGlu excretion are added for comparison. Oral loading with free histidine was performed as standardized by Luhby and Cooperman ( 13) .
Before the histidine load, the girls with postulated formiminotransferase deficiency, F D and LD, excreted a more than 50 times greater amount of HPA than the control subjects. The values for the other members of the family as well as for the cases with folate deficiency are at the upper limit of the normal range or slightly above that (mother and SD).
After the histidine load, the excretion of H P A by F D and L D is still doubled and tripled, respectively. With the exception of the father, the values for the other members of the family also markedly exceed the normal range, and are of the same order of magnitude as in folate deficiency.
Administration of folic acid in pharmacologic doses ( I 0 mg/24 hr for 8 days) did not alter H P A or FlGlu excretion by F D significantly.
With a diet low in histidine (1 1.2 mg histidine (His)/24 hr) the excretion of H P A by F D decreased by about 50% within 12 hr. At the same time FlGlu excretion decreased to about a fifth of the original value (15) . The course of the H P A excretion after a single dose of histidine was followed in a normal woman (100 mg free The presence of abnormal amounts of HPA in the urine of F D ~i~/ k~ per os after overnight fasting); of the corrected total and LD was suggested by an intense spot moving in a manner sim-amount H P A excreted, 54, 86, 96, and 99% appeared within 4, ilar to authentic H P A on a high voltage electropherogram at pH 8, 12, and 24 hr, respectively. 4, and stained for hydantoins with diphenylcarbazone-mercuric An 85-year-old patient with pernicious anemia excreted HPA acetate reagent (7) . The unequivocal identification was achieved by still within the normal range (no histidine load), but only unmeagas chromatography-mass spectrometry.
surably low amounts after vitamin B,, treatment. A 5-ml urine aliquot from F D was applied to a small column of ' Dowex 50-W-X8 ( H f form). The column was washed with excess water and 5% acetic acid. The total eluate was repeatedly -evaporated to dryness, dissolved In 5 ml water, adjusted to pH 9
with NaOH, and applied to a small column of Dowex I-X8 (acetate form). The column was washed with water (discarded) and 2 M acetic acid. The eluate was evaporated to dryness. For permethylation, the residue was dissolved in methanoldimethylformamide and methylated with methyliodide/tetramethyl-ammonium hydroxide (16) . For esterification and trimethylsilylation, the residue was warmed in 2 M HCI in dry methanol for I hr at 60"; after evaporation, the residue was suspended in methanol, the clear supernatant was evaporated in a small vessel, and the residue was reacted'with bis-trimethylsilyl trifluoroacetamide in acetonitrile for 1 hr at llOO. Gas chromatography on 1% DISCUSSION Brown and associates (8, 9 ) first demonstrated the formation of H P A as a stable end product from histidine via urocanic acid and 4-imidazolone-5-propionic acid (ImOPA) in mammals and man (Fig. 3) . ImOPA is a highly unstable intermediate which is hydrolyzed spontaneously in vitro at pH 7 (10) . I n vivo, this compound is hydrolyzed to FIGlu by imidazolonepropionase or oxidized to HPA by aldehyde oxidase (EC. 1.2.3.1) ( 1 0 , a flavohemoprotein containing molybdenum. Intraperitoneally administered HPA is excreted completely and unchanged within 12 hr (8). We did not attempt to measure H P A or FIGlu in plasma, nor did we attempt to detect ImOPA in urine. HPA was analyzed quantitatively in human urine by paper and thin layer chromatography, comparing the size and intensity of the spots (14, 18) . Using the highly specific mass fragmentographic method (16), we found essentially the same range of normal values in micromoles per 24 hr as reported by Middleton in micromoles per 8 hr (14) . However, HPA excretion expressed as H P A to creatinine ratio gives a narrower range of normal values and --pathologic values can be recognized more easily.
Patients with "formiminotransferase deficiencv svndrome" have -.
been reported by Arakawa et al. ( 1 6 ) and by Herman el al. (12) . All of these seven patients showed quite different clinical symptoms and FIGlu excretion was only about 1090 o r less of the amount in our cases (15) . In four cases, the formiminotransferase activity was measured by HPA has not been measured earlier in a patient with formiminotransferase deficiency syndrome. The very high basal value of H P A in FD and L D (Table I) FIGlu. The lower increase of the excretion of H P A may indicate a partial saturation of the oxidase reaction system and a more efficient imidazolonepropionate hydrolase system.
The high H P A excretion of the other members of the family may indicate heterozygosity. After histidine loading, only the value for the father is within the range of our control subjects, whereas FIGlu excretion is normal in TD and JD. Thus, H P A excretion may be a more sensitive criterion than FIGlu excretion to detect such an abnormality. On the other hand, our range of normal values for HPA may be too narrow. However, the father's normal response to the histidine load may imply that heterozygotes cannot be identified under our conditions.
Our results in patients with folic acid deficiency confirm the proposal that abnormally high H P A excretion after histidine loading indicates folic acid deficiency (14, 18) . HPA measurement seems to be a valuable supplement and even may be a more sensitive alternative to enzymatic FIGlu measurement for the detection of folate deficiency or impaired folate utilization.
S U M M A R Y
Hydantoin-5-propionic acid was detected in massive amounts in the urine of two previously described sisters with folic acid nondependent formiminoglutamic aciduria. HPA was identified rigorously, e.g., by gas chromatography-mass spectrometry, and was measured quantitatively by selected ion monitoring (mass fragmentography) using deuterated H P A as internal standard.
Before histidine loading, both girls with the postulated formiminotransferase deficiency excreted an amount of H P A more than 50 times greater than the control subjects. After histidine ingestion, H P A excretion was still doubled or tripled. With the exception of the father, the values for the other members of the family also markedly exceeded the normal range and were of the same order of magnitude as in folate deficiency.
Measurement of HPA excretion in urine seems to be a valuable supplement or alternative to the enzymatic FIGlu test for the detection of general or functional folate deficiency or impaired folate utilization and it will be indispensable for the detection of (as yet unknown) 4-imidazolone-5-propionic acid hydrolase deficiency.
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C h i m e r i c calf a -m a n n o s i d a s e e n z y m e replacement t h e r a p y mannosidosis lysosomes 
Extract
This paper describes an experiment of nature involving a chimeric calf with mannosidosis which had obtained a natural transplant of lymphocytes from its normal twin during fetal development as a result of fusion of the placentas. Karyotyping of 200 peripheral blood lymphocytes showed that 77% wete 60,xx and 23% 60,xy. The a-mannosidase p H dependence activity profiles obtained for the chimera were similar to those for a mannosidosis calf in brain, liver, kidney, and plasma but for peripheral lymphocytes and lymph node extracts enzyme activities approaching those of the normal control calf were measured a t pH 4.0-4.3. In the chimera, vacuolation of macrophages and fixed reticuloendothelial cells in lymph nodes and of pancreatic exocrine cells was considerably less than was observed in any of the 35 other calves with mannosidosis. There were considerably fewer oligosaccharides in the brain, lymph node, and liver of the chimera calf than in any of the five mannosidosis control calves. There is little doubt that the a-mannosidase produced by the population of normal cells influenced the pathology of the disease, but failure to significantly prevent the eventual clinical course even under these favorable transplant conditions is indicative that tissue or organ transplants are unlikely to be a successful cure for diseases with severe neurologic manifestations. If this disease had been purely visceral then it is postulated that the transplant would have been reasonably effective.
Speculation
Although acidic a-mannosidase supplied by a natural transplant of lymphocytes, and perhaps other cells, was unable to cure or prevent all clinical manifestations of mannosidosis, the therapeutic effect noted in visceral organs indicates that transplants may be an effective means of treating some inborn errors of lysosomal catabolism that occur without severe neurologic involvement. The reduction of storage material within the brain of the chimera suggests that larger amounts of exogenous enzyme supplied over a prolonged period might be more effective in storage diseases with neurologic manifestations. If it can be established that a concentration gradient for storage material exists between certain tissues and tissue fluids then it may not he essential to actively deliver enzyme to the central nervous system. Recent advances in prenatal diagnosis of inborn lysosomal disorders and the detection of heterozygous individuals have improved the opportunity for control of these inherited diseases. Despite this progress, children will continue to be born with diseases of this type and will need whatever treatment is available. Specific therapy must include an alternative means of degrading the storage material, either by enzyme replacement or by activating the product of the defective gene. The replacement of an enzyme may be attempted either by parenteral infusion of a purified enzyme preparation or by an organ or tissue graft which would then provide a continuous endogenous supply of the required enzyme. With a few exceptions empirical attempts at therapy have not been encouraging and if specific therapy is to be successful, then it is likely to follow the gradual accumulation and analysis of data from specific experiments. This paper describes an experiment of nature involving a chimeric calf with mannosidosis which had obtained a natural transplant of lymphocytes from its; normal twin during fetal development as a result of fusion of the placentas.
Mannosidosis is a relatively common inherited lysosomal storage disease of Angus cattle associated with the deficiency of acidic a-mannosidase (pH 4.3) and the consequent storage of oligosaccharides containing mannose and N-acetylglucosamine. (8, 10, 19) . The calf in question was recognized during a mass screening program aimed at controlling the disease by identifying heterozygous animals in Angus bull breeding herds in New Zealand (1 1 -13), and was further investigated as part of a continuing program using bovine mannosidosis as a model lysosomal storage disease.
